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Considerable  attention  is  currently  focused  on  inorganic  ion  con¬ 
ducting  solids* *2  from  both  a  fundamental  standpoint  and  for  their  use  as 
electrolytes  in  high  energy  density  batteries  and  sensors.  Recently,  a  radi¬ 
cally  new  battery  design  based  on  a  solvent-free  thin  film  polymer  electro¬ 
lyte,  has  been  tested  and  found  promising  for  medium  temperature  (ca.  100°C) 
applications.3  In  the  present  communication  we  report  a  new  type  of  host 
polymer  which  forms  complexes  with  a  wide  variety  of  metal  salts  having  good 
conductivity  at  room  temperature.  The  dependence  of  conductivity  on  salt  con¬ 
centration  shows  a  distinct  maximum  which  is  consistent  with  current  theory  of 
charge  transport  in  these  materials. 

Research  on  the  ion  transport  in  polymer-salt  complexes  electrolytes 
implicates  a  liquid-like  mechanism.*  One  criterion  for  the  requisite  polymer 
fluidity  is  a  low  glass  transition  temperature,  Tg.*»3  This  consideration 
prompted  us  to  explore  salt  complexes  of  polyphosphazenes,  because  some 
polyphosphazenes  exhibit  very  low  glass  transition  temperatures,^  and  the 
extensive  chemistry  of  poly(dichlorophosphazene),  4NPCl24-n,  affords  the 
opportunity  for  easy  modification. 


The  sodium  salt  of  2-(2-methoxyethoxy)ethanol  was  allowed  to  react  with 
poly(dlchlorophosphazene)  (I)  in  the  presence  of  tetra-n-butylammonium  bro¬ 
mide  ^  to  yield  the  fully  substituted,  stable  high  polymer  MEEP  (II)  (eq.  1). 


Cl 
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Cl 

I 


OC2H4OC2H4OCH3 

-fN=Pfn  +  2nNaCl 

I 

OC2H40C2H4OCH3 
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(1) 


31pf  and  elemental  analysis  all  indicate  total  halogen  replacement  has 

O 

occurred.0 

Solvent-free  complexes  were  prepared  by  vacuum  removal  of  THF  from  solu¬ 
tion  containing  a  predetermined  ratio  of  polymer  and  salt.  All  complexes  were 
found  to  be  amorphous  by  x-ray  diffraction,  optical  microscopy,  and  differen¬ 
tial  scanning  calorimetry  (DSC).  The  complexes  range  from  a  hard  material  at 
2:1,  metal  cation: polymer  repeat  unit,  concentration  to  a  rubbery,  elastic 
species  at  0.25:1  and  lower  stoichiometries  and  a  corresponding  increase  in 
the  glass  transition  temperature,  Tg,  was  observed. 

Conductivities  were  measured  with  a  vector  impedance  meter  and  analyzed 
by  complex  Impedance  techniques  between  5  to  500,000  Hz.^-**  Polarization 
cell  experiments  indicate  that  the  transference  number  for  Ag+  is  0.03  or  less 
at  50°C  and  for  Li+  it  is  0.32  under  the  same  conditions.  Gentle  curves  are 
obtained,  when  the  conductivity  data  are  plotted  as  either  ln^T1/2)  or  ino  Vs 
1/T,  Figure  1,  as  expected  for  amorphous  polymer  electrolytes.* 


Insert  Figure  1  Here 


The  conductivity  of  a  polymer  electrolyte,  as  given  by  a  configuration 
entropy  model,  follows  equation  2,  where  the  A  term  is  proportional  to  the 
number  of  charge  carriers  and  the  T0  term,  in  the  exponential,  is  closely 
related  to  the  glass  transition  of  the  sample. *> 

a  -  AT~l/2exp(-B/(T-T0))  (2) 

The  conductivity  of  (AgS03CF3)x»MEEP  complexes  increased  with  increasing  salt 
concentration  as  expected  (0  <  x  <  0.17),  however,  further  Increases  in  salt 
concentration  resulted  in  diminished  conductivities,  Figure  2.  The  progres¬ 
sive  Immobilization  of  polymer  chains  resulting  in  restricted  segmental 
motion  of  the  polymer  and  increased  rigidity  would  account  for  the  rising 
Tg  values  and  decreasing  conductivities  observed. 12-14 

Insert  Figure  2  Here 

Complexes  of  poly(ethylene  oxide),  and  L1S03CF3  or  LiClO^  (0.125:1),  are 
useful  battery  electrolytes  above  100°C.^-12  Between  room  temperature  and 
100°C,  the  conductivity  of  (LiS03CF3)Q<25,MEEP  is  between  1-3  orders  of  magni¬ 
tude  larger  than  that  of  the  poly(ethylene  oxide)  systems.  Thus  in  contrast 
with  the  polyether-based  electrolytes  the  new  polyphosphazene  electrolyte  is  a 
good  candidate  for  a  room-temperature  thin-film  battery.  Concentration  depen¬ 
dence  of  the  ion  mobility  and  Tg  for  the  new  phosphazene  electrolytes  substan¬ 
tiate  current  models  for  the  influence  of  charge  carrier  concentration  and 
fluidity  on  the  ion  transport  in  solvent-free  polymer-salt  complexes. 
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Figure  Captions 


Figure  1.  Temperature  dependence  of  electrical  conductivity,  o(ohm-1cm_1) 
plotted  as  ln(oT*/2)  vs.  1/T. (Plots  of  lno  vs.  1/T  have  the  same 
qualitative  shapes.)  The  wide  error  limits  for  the  highest  tem¬ 
perature  point  of  the  Sr-  and  Na-containing  samples  arise  from  flow 
of  the  samples  and  corresponding  uncertainty  in  its  thickness. 
(MSO3CF3)0.25*MEEP  complexes:  A,  pure  polymer;  +  ,.  Sr;  A,  Na;  O  , 

Li;  X,  Ag. 

Figure  2.  Left  axis:  A,  Electrical  conductivity  at  70°C  vs.  composition  of 
(AgS03CF3)x«MEEP  complexes.  Right  axis:Q,  Tg  (extrapolated  to 
0°/min  heating  rate)  vs.  composition  of  (AgS(>3CF3)x*MEEP  complexes. 
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